Development of a three-dimensional illusion through sequential displaying on a viewing surface of images of the subject as viewed alternatively first from one point of origin and then, time displaced, from another point of origin at a rate within a range of 4 to 30 changes be tween the points of origin per second. The effect of the illusion is maximized by having the points of origin vertically aligned with respect to one another and hav ing the points of origin displaced from one another a distance less than normal interoccular distance.
U.S. Patent Jan. 31, 1984 The present invention relates to apparatus and meth ods pertaining to three-dimensional display systems.
2. Description of the Prior Art Stereoscopic films are known. Such films may com prise a double row of left and right images, or a single row of alternate left and right images which have been photographed from horizontally aligned left and right points of origin. Prior art three-dimensional systems typically operate upon the principle that left and right eye images must remain separated in order to create a steroscopic effect. These "binocular' systerns therefore employ red and green colored glasses, mechanical viewers, or polarized filters in order to assure that only the left eye images reach the left eye and the right eye images reach the right eye. Although results from such systems can be spectacular, the need for extraneous viewing equipment has led to the commercial demise of all such systems. Furthermore, none of these system is capable of displaying a three-dimensional illusion using simply a standard 24 frame per second movie projector or using a standard home television receiver.
The history of prior art three-dimensional systems occasionally includes mention of a "monocular' or "cyclopean' system, in which alternately left and right images were rapidly displayed in an effort to create a three-dimensional illusion through "fusion' of the the two images... Complicated multi-film projectors were utilized to implement such systems, left and right im ages were taken simultaneously on a single film strip to facilitate registration, and speeds of 48 frames per sec ond were tried, but none of these systems achieved any significant commercial success and none was deemed capable of displaying a three-dimensional illusion using simply a standard 24 frame per second movie projector or using a standard home television camera. Moreover, even at a reduced rate of display wherein the stero scopic effect is increased, the inventors have deter mined that the appearance of jumping between succes sive images renders an unsatisfactory result.
Each of the prior art systems known to the inventors is believed to have failed primarily because the system was complicated. To succeed, a three-dimensional sys tem must be simple. The system must be capable of use with a standard 24 frame per second projector and/or must be capable of use for a standard home television receiver-without any modification.
Accordingly, an object of the subject invention is to provide a display system which exhibits a three-dimen sional illusion using a standard, unmodified 24 frame per second movie projector as a means for display.
Another object of the subject invention is to provide a display system which exhibits a three-dimensional illusion using a standard, unmodified home television receiver as a means for display.
Another object of the present invention is to provide a display system which exhibits a three-dimensional illusion in which a representation of the images to be displayed is recorded on a standard single strip of pho tographic film.
A still further object of the subject invention is to provide a display system which exhibits a three-dimen 2 sional illusion in which a representation of the images to be displayed is recorded on a standard video tape.
Another object of the present invention is to provide a display system which exhibits a three-dimensional illusion in which the images to be displayed are either created and/or stored in the memory bank of a com puter of the type employed in video games which are today becoming commercially popular.
Additional objects and advantages of the invention will be set forth in part in the description which follows and in part will be obvious from the description, or may be learned by practice of the invention. The objects and advantages of the invention may be realized and ob tained by means of the instrumentalities and combina tions particularly pointed out in the appended claims.
SUMMARY OF THE INVENTION
To achieve the foregoing objects, and in accordance with the purposes of the invention as embodied and broadly described herein, a method for producing a three-dimensional illusion of a subject is provided which comprises the step of sequentially displaying on a viewing surface images of the subject as viewed alterna tively first from one point of origin and then, time dis placed, from another point of origin at a rate within a range of 4 to 30 changes between points of origin per second, with the points of origin being vertically dis placed from one another. Preferably the above-men tioned range is between 6 and 15 changes per second, and most perferably about 8 changes per second.
The images may be recorded on a single film strip for display at the rate of 24 images per second. In such a case, to achieve the preferred 8 changes per second, 3 images from the first point of origin are followed by 3 images from the second point of origin, and so on. A rate as high as 24 changes per second can be achieved by alternately placing images from the first and second points of origin, and rates as slow as 4 changes per second may be achieved by placing 6 images from one point of origin followed by 6 images from the other point of origin, and displaying the film at the standard film speed of 24 frames per second in a standard, un modified projector.
Most preferably, the points of origin are vertically aligned with respect to one another and the points of origin are displaced from another a distance less than the standard 65 mm interocular distance of human eyes.
The points of origin are perferably displaced from one another at a distance on the order of 10 to 15 mm.
The combination of changing points of origin be tween 4 and 30 times per second, preferably between 6 and 15 times per second, and most perferably about 8 times per second, vertically aligning the points of ori gin, and separating the points of origin by less then normal inter-ocular spacing provides an effective three dimensional method capable of being used either with a standard 24 frame per second movie projector or a standard home television viewer without modification.
A still further aspect of the invention contemplates a method using two slide projectors for producing three dimensional illusions from slides. This method com prises the steps of: obtaining first and second slides of the subject, the first slide representing a view of the subject from one point of origin and the second slide representing a view of the subject from another point of origin, the points of origin being vertically displaced from one another; and alternately displaying the slides 4,429,328 3 at a rate within a range of 4 to 30 changes per second between the first and second slides. Perferably the rate of change is between 6 and 15 changes per second, and most perferably about 8 changes per second. It is also perferable that the first slide be displayed from a first projector and the second slide be displayed from a sec ond projector, with the step of displaying being achieved by alternately activating light sources of the first and second projectors.
BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorpo rated in and constitute a part of the specification, illus trate a preferred embodiment of the invention and, together with the general description of the invention given above and the detailed description of the pre ferred embodiments given below, serve to explain the principles of the invention. The subject invention comprises methods and appara tus for presenting images which are perceived by the viewer to be three-dimensional when viewed with the unaided eye. The viewing mechanisms can include slides, photographic film, and/or television. Television can be used to transmit the images produced by the slides or film, or to originate directly three-dimensional images. In addition, the images may be generated by a computer and/or stored in a computer memory and generated by television techniques on a video screen used in connection with display devices such as video games.
In accordance with the present invention, images of a subject as viewed alternatively first from one point of origin and then, time displaced, from another point of origin at a rate within a range of 4 to 30 changes be tween points of origin per second are displayed on a viewing mechanism. 4. illustrated a first video camera 10, a second video cam era 12, a switching network 14, a control oscillator 16, and a television monitor 18. The output of cameras 10 and 12 is selectively coupled by switching network 14 to monitor 18, with monitor 18 displaying the image viewed by that camera 10 or 12 which is, at the moment under consideration, connected by switching network 14 to the input of monitor 18. The frequency of opera tion of switching network 14 is governed by the output of control oscillator 16.
As shown in FIG. 1, cameras 10 and 12 are both directed at a subject 20. Camera 10 views subject 20 from a point of origin 22 which, for purposes of this invention, is generally and broadly defined as the opti cal axis of the input lens of camera 10. Camera 12 views subject 20 from another, different, point of origin 24 defined by the optical axis of the input lens of camera 12. By alternately connecting the outputs of cameras 10 and 12 to the input of monitor 18, through the operation of switching network 14, monitor 18 displays images of subject 20 as viewed alternately first from one point of origin 22 and then, time displaced, from another, differ ent, point of origin 24.
The rate of changes appearing at monitor 18 between point of origin 22 and point of origin 24 is governed by operation of control oscillator 16. In accordance with the subject invention, this rate of change is within a range of 4 to 30 changes between points of origin per second. Preferably, this rate of change is between 6 and 15 changes per second, and most preferably this rate of change is about 8 changes per second. For example, when operating at a rate of 8 changes per second, every 0.125 seconds switching network 14 operates to switch monitor 18 from one to the other of cameras 10 and 12.
Thus, an output control signal from control oscillator 16 having a frequency of 8 cycles per second may ide ally be employed to govern operation of switching network 14. As the rate of change between points of origin approaches 30, a three-dimensional illusion pres ented on the viewing surface of monitor 18, namely the surface of the cathode ray tube of monitor 18, dimin ishes. Above a rate of approximately 30 changes be tween points of origin per second, the two images be come fused into one, and the three-dimensional affect is effectively lost. Below 4 changes per second, the two separate images from each point of origin are seen as simply two separate images. The preferred rate of oper ation is around 8 changes per second, and good results occur between 6 and 15 changes per second.
Although a steroscopic effect is achieved by simply operating the system of FIG. 1 at a rate within a range of 4 to 30 changes between points of origin per second, the operation of FIG. 1 is substantially enhanced by vertically displacing the points of origin of cameras 10 and 12 with respect to one another. Preferably the verti cal displacement takes the form of a vertical alignment of one point of origin directly over the other, without any horizontal displacement therebetween. Futher more, although steroscopic effect is increased by maxi mizing the distance between the points of origin of cameras 10 and 12, more precise registration of the images produced by cameras 10 and 12 is achieved by displacing the points of origin of cameras 10 and 12 from one another at a distance less than the normal interocular distance of a human being, namely less than approximately 65 millimeters. Most preferably the dis tance between the points of origin is chosen to be within the range of 10 to 15 millimeters.
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The vertical displacement of the points of origin can be achieved in accordance with the arrangement illus trated in FIGS. 2, 3, and 4 wherein cameras 10 and 12 are shown arranged side-by-side with optical axis 22 and 24 of cameras 10 and 12, respectively, substantially parallel to one another and separated a distance 26 which is less than 65 millimeters, and preferably on the order of 10 to 15 millimeters. Camera 10 is aligned to receive optical images reflected from a one hundred percent reflecting mirror 28, while camera 12 is aligned to receive video images through a two-way mirror 30. The surfaces of mirrors 28 and 30 are positioned parallel to one another and at a 45 degree angle to the optical axes 22 and 24 of cameras 10 and 12. However, as is best shown in FIGS. 3 and 4, optical axis 22 is located at a distance 32 above optical axis 24. Accordingly, the optical axes of cameras 10 and 12 effectively lie in the same vertical plane, but lie in horizontal planes verti cally separated from one another a distance 32. Prefera bly this separation distance is less than 65 millimeters and most preferably is within the range of 10 to 15 millimeters.
Although the human eyes, which represent the points of origin of images viewed by a human being, are hori zontally aligned with respect to one another, the verti cal alignment of the points of origin as illustratively shown in FIGS. 2 through 4, results in a three-dimen sional image in which undesirable motional effect of the resulting display is decreased over the motional effect flip-flop 60 is coupled to enable terminal 56 of amplifier 50 whereas the inverse output Q1 of flip-flop 60 is cou pled to enable terminal 58 of amplifier 52. As set forth above, the vertical alignment of the video input for cameras 10 and 12 is achieved, for example, by using the apparatus illustrated in FIGS. 2-7, or apparatus opti cally similar thereto, to provide to camera iO the image of the subject 20 (FIG. 1) as viewed from one point of origin and for providing to the camera 12 the image of subject 20 as viewed from another point of origin.
Amplifiers 50 and 52, flip-flop 60, and control oscilla tor 16, provide means for alternately coupling the out put signal from each of the video cameras 10 and 12 one at a time to output terminal 54 at a rate within a range between 4 and 30 times per second. Output terminal 54 may, for example, be coupled to the input of monitor 18 (FIG. 1) so that monitor 18 provides a display mecha nism for converting the output signals from cameras 10 and 12 at terminal 54 into a visual display.
Although optical elements, such as mirrors are illus trated as being utilized in the arrangement shown in FIGS. 2-4, it is to be understood that a lens system, a prism system, or any equivalent optical arrangement is to be deemed equivalent to the specific mirror system illustrated. Moreover, if the cameras employed are small enough, it is possible that the lenses may be set at the appropriate optical interrelationship with respect to one another, without any intervening apparatus other than the lenses of the cameras themselves. The lenses of the cameras themselves are, in such instances, the means for providing the first camera with the image of the subject as viewed from one point of origin and the sec ond camera with the image of the subject as viewed from another point of origin.
Each camera 10 and 12 is supplied a synchronizing signal. Usually these signals are identical, but special effects can be generated if these signals are adjusted for different times relative to each other. When using equal and normal synchronization pulses of 60 hertz to give a 30 hertz total framing rate, since the interlacing of two half frames is required to give a full frame, using every other synchronizing pulse to operate flip-flop 60 would result in whole pictures from cameras 10 and 12 being interlaced alternatively at output terminal 54. The num ber of synchronizing pulses transmitted between each input pulse to flip-flop 60 thereby determines the rate of change of points of origin available at output terminal 54.
The number of synchronizing pulses transmitted be tween each input pulse to flip-flop 60 need not be the same. This can result in the number of full frames from each camera not being equal. This can also generate special effects. However, typically, an equal number of frames from each of cameras 10 and 12 is chosen to be delivered to output terminal 54 between input pulses to flip-flop 60. The pattern followed preferably is N full frames from camera 10 then N full frames from camera 12. The mixed output is thus a series of video signals for pictures alternately from camera 10 and camera 12. These signals are then transmitted just like any ordinary single camera video signal.
The camera fields of view are adjusted so as to place the images in registry at some plane in the field of view of the cameras. This necessitates adjustment of the cam eras so that the parallax seen on a viewing television screen is zero at some distance from the cameras. Ad justment of the cameras can easily be made while view ing the resultant images on the television. The correct 4,429,328 7 adjustment is sensed when there is no motion of objects between images recorded by camera 10 and camera 12 at the desired distance. The mind of the viewer will then sense a depth to the composite camera 10 and 12 views.
The preferred adjustment of the circuit of FIG. 8 is to select two full frames of each camera 10 and 12 prior to switching of flip-flop 60. The resulting frame switching is thus 15 hertz between cameras 10 and 12. Viewing the composite picture for single frames at a rate of 30 hertz is the extreme upper limit, and in fact under some cir cumstances appears too fast for best impression of depth. The viewing of three frames of pictures from each camera at a rate of change of 10 hertz has been observed as being as satisfactory as the utilization of two frames from each camera 10 and 12 prior to change-over. Increasing the number of frames to four prior to a change results in a 7.5 hertz rate which also has been observed to provide comfortable three-dimen sional viewing.
A scan rate of sub-multiples of 60 hertz is dictated by the standardization of commercial television under 60 hertz line frequency in the United States. If a closed circuit system is used independently of the commercial television system, such as in a computerized video game, then any frequency in the range from about 4 to 30 hertz, and most preferably in the range of 6 to 15 hertz for the operation of flip-flop 60 will be satisfac tory.
Furthermore, it is to be understood that the principles of the present invention may be achieved in connection with a television display mechanism, without the use of video cameras. For example, visual computer games which are well-known today include a cathode ray tube monitor 70 as shown in FIG. 9 , the display on which is governed by operation of a microprocessor 72. Micro processor 72, as is well-known to those skilled in the art, retrieves stored display data from a memory such as ROM 74, and causes an image represented by the stored data to appear on the display screen of monitor 70. The operation of microprocessor 72 is controlled by a clock ing mechanism 76.
In present day video games, the resultant images portray a flat two dimensional illusion. However, if data representing images of a subject as viewed alternately from first one point of origin and then, time displaced, from another point of origin were stored in ROM 74 and displayed by microprocessor 72 on monitor 70 at a rate within a range of 4 to 30 individual viewings per second, a standard video game could be made to present a three-dimensional illusion. As is true when employing the subject invention in connection with standard tele vision cameras, it is preferable that the points of origin of the data stored in ROM 74 be vertically displaced with respect to one another and that the data represent the subject as viewed from points of origin displaced from one another at a distance less than 65 mm, and preferably in the range of 10-15 mm. Furthermore, it is preferable that the range of operation be between 6 and 15 changes in points of origin per second, and most preferably about 8.
The teachings of the present invention may also be employed to result in the illusion of a three-dimensional picture by placing on a single film strip images of a subject as viewed alternately first from one point of origin and then, time displaced, from another point of origin at a rate within 4 to 30 changes between points of origin per second. of origin A at times t1 through t2 are represented by images A1 through A12, respectively. In FIG. 10b there are shown on a single film strip images of the same subject viewed from another point of origin B repre sented as images B1 through B12 for times t1 through t12, respectively. Using a standard timed film of 24 images per second, each time period t1 represents 1/24th of a second. To achieve a resultant display within the requisite range of 4 to 30 changes per second, the images A1 through A12 and B1 through B12 may be arranged on a single film strip as shown in FIG. 10c wherein four consecutive images from point of origin. A are followed by four consequence images from point of origin B, resulting in a change of point of origin at a rate of 6 times per second. By reducing the number of in ages from a particular point of origin before changeover to three, as shown in FIG. 10d , a single film strip is provided which changes views at a rate of 8 changes per second. Moreover in FIG. 10e , only two consecu tive images from a single point of origin are shown before changeover, resulting in a film strip, when pro jected at a standard rate of 24 images per second, having a 12 point of origin change per second rate.
It should be noted that each of the images disclosed in the single film strips shown in FIGS. 10c through 10e are "time displaced' from one another, in contradistinc tion to having images from two points of origin both taken at a single point in time. The time displacing of images results in a smoother transition during change in points of origin, without sacrificing stereoscopic effect.
Film strips as shown in FIGS. 10c through 10e may be projected from a standard 24 frame per second pro jector without any modification to the projection, and without the need of any viewing aids such as colored glasses, polarized glasses or mechanized viewers to achieve a three-dimensional illusion. By using a single projector, the lens of the projector forms a single point of origin, thereby maximizing registration of the pro jected images.
FIG. 11 provides a simple illustration of a motion picture camera which enables production of the film strip shown in FIGS. 10c through 10e. The camera of FIG. 11 includes a supply spool 100, a takeup spool 102, camera lenses 104 and 106, shutters 108, 110, and 112, a glass plate 114, a standard mirror 116, a two way mirror 118, and a standard film gate 120. Lenses 104 and 106 are preferably identical lenses having optical paths 122 and 124, respectively. Optical paths 122 and 124 define the "points of origin' of lenses 104 and 106. Both opti cal paths 122 and 124 are preferably positioned in the same vertical plane thereby rendering optical paths 122 and 124 horizontally coincident with one another. However, through the use of mirrors 116 and 118, opti cal paths 122 and 124 are vertically aligned with respect to one another at a separation distance 126 which is preferably less than 65 mm, and most preferably on the order of 10-15 mm. Optical path 122 continues through lens 104, past shutter 108, striking mirror 116, and thereby being reflected to mirror 118 where the path is made to be coincident with that of optical path 124 upon passing through shutter 112 and striking the film. Optical path 124, after passing through lens 106, en counters shutter 110, and glass plate 114 which may be utilized to compensate optical paths so that paths 122 and 124 are optically identical.
Shutters 108 and 110 are synchronized out of phase with each other and are operated at a rate to result between 4 and 30 changes between optical path 122 and 9 124 per second. Shutter 112 and film gate 20 are stan dard and preferably operate at the standard frequency of 24 frames per second. Naturally, to achieve a rate of change greater than 24 changes per second and less than 30 changes per second, the speed of shutter 12 and film gate 120 must be increased beyond 24 frames per sec ond. However, as mentioned before, the optimum range of operation is between 6 and 15 changes per second, and most preferably eight changes per second; rates easily obtained through a standard 24 frame per second shutter and film gate operation, using film strips having image orientations as illustrated in FIGS. 10c through Lens 104 may be moved vertically with respect to lens 106 for greater or less parallax. Similarly, vertical motion of mirror 116 can be used to obtain proper align ment of images. With a reflex viewfinder and special switch to operate shutters 108 and 110 simultaneously, images from both points of origin may be brought into desired alignment before any film is exposed.
The teachings of the subject invention are also appli cable to still photography. More specifically, a still display of an image using standard slides and standard projectors, in accordance with the principles of the present invention, will result in an effective three-di mensional illusion. For example, slides may be made with a single camera from two points of origin, verti cally displaced from one another, and preferably verti cally aligned with one another, and positioned a dis tance less than 65 mm, and preferably on the order to 10 to 15 mm, by moving the camera slightly between frames. The camera motion is perpendicular to the line from the camera to the subject being photographed.
Two useful techniques for making matched pairs of slides include mounting the camera on a screw driven rack attached to a tripod or other stable platform, or merely using a slot with a camera bolted through the may be operated to result in a change of eight frames per second, but effective stereoscopic illusion can be achieved at a lower rate on the order of four frames per second, as well as at a higher rate on the order of 20 to 24 frames per second. As the rate approaches 30 frames per Second, depth disappears from the image.
The techniques of the subject invention basically utilize the eye and brain's ability to perceive stereopsis through the merging of two or more separate images in a manner which may be referred as cyclopean percep tion. The key requirement is the need to give the brain two separate images. Conventionally the two images are received simultaneously through separate parallel inputs-the two eyes-and mixed in the brain. How ever, the subject invention presents the two images Sequentially and the brain mixes the images using a short term filemory storage capacity inherent within the brain. Since both eyes receive the same input, no spe cific glasses are required. In fact, closing one eye makes no change in the perceived depth. The inage can be Seen by people with only one eye and can also be seen, transmitted, and recorded with single-camera television Systems. If the camera zooms in to a reduced portion of the image, and then pans across the scene, a very strong illusion of real movement is created. Similarly, zooming in to a small portion of the image does not change the effect and the apparent motion into the scene is en hanced.
One of the basic critical ingredients to achieving Stereoscopic effect is timing the presentation of the images to the eyes sufficently fast so that the brain does not consciously perceive two separate images, but suffi ciently slow so that the subconscious perception of two images is achieved. The ideal and critical range is be tween approximately four images per second and 30 images per second, with the preferred range between 6 and 15 innages per second, and ideally on the order of about 8 changes per second. Moreover, registration difficulties are minimized by vertical orientation of the point of origin of the two images, and by reducing the distance between the points of origin to less than normal interocular distance, preferably on the order of 10 to 15
While particular embodiments of the present inven tion have been shown and discribed, it will of course be obvious to one skilled in the art that certain advantages and modifications can be effected without the departing from the spirit of the invention, such as the utilization of more than two cameras to create a stereoscopic effect. Accordingly, it is intended that the scope of the inven tion not be determined by the foregoing examples, but only by the scope of the appended claims.
We claim:
1. A method for producing a three-dimensional illu sion of a subject comprising the step of sequentially displaying on a viewing surface images of the subject as viewed alternately first from one point of origin and then, tine displaced, from another point of origin at a rate within a range of 4 to 30 changes between said points of origin per second, said points of origin being vertically displaced from one another. 4. The method of claim 1 wherein said points of ori gin are vertically aligned with respect to one another. 5. A method for producing a three-dimensional illu sion of a subject comprising the step of sequentially displaying on a viewing surface, from a single point of projection, images of the subject as viewed alternately first from one point of origin and then, time displaced, from another point of origin at a rate within a range of 4 to 30 changes between points of origin per second, with said points of origin vertically displaced with re spect to one another and with said points of origin dis placed from one another a distance less than 65 millime ters.
6. The method of claim 5 wherein said rate is between 6 and 15 changes per second. 9. The method of claim 5, 6, 7, or 8 including the step of recording said images on a single photographic film, with said images from said one point of origin inter posed between said images from said another point of origin; and wherein said images are displayed at a rate of 24 images per second.
10. The method of claim 5, 6, 7, or 8 including the step of obtaining said images by use of a video camera.
11. The method of claim 10 wherein said images are obtained by two separate cameras. 
